The first cleavage is catalyzed by a membrane-bound serine protease, designated Site-1 protease (S1P), that clips SREBPs at a leucine-serine bond within the luminal is located in the ER. Upon sterol depletion, the oligosaccharide chains on SCAP become resistant to endo H as a consequence of modification by Golgi-specific enzymes
stably transfected with the GFP-SCAP cDNA (lanes 3 and 4). GFP-SCAP raised the level of the SREBP-2 precursor in membranes and permitted the generation of the cleaved nuclear fragment in a sterol-regulated fashion. Figure 2 shows an experiment in which we used confocal microscopy to examine the subcellular localization of GFP-SCAP in the stably transfected SRD-13A cells. When the GFP-SCAP cells were cultured in medium containing fetal calf serum (FCS) as a source of sterols, GFP-SCAP displayed a diffuse, reticular pattern corresponding to the ER (panel A). Antibodies to Golgi ␣-mannosidase II (panel B) stained a structure that 
fluorescence under similar conditions (data not shown). These data indicate that GFP-SCAP moves to the Golgi region in sterol-depleted, but not sterol-overloaded this ER-to-Golgi transport of SCAP by interacting, dicells. rectly or indirectly, with an ‫071ف‬ amino acid segment
To study the movement of GFP-SCAP from the ER to within the polytopic membrane attachment domain of the Golgi in more detail, we used time-lapse confocal SCAP that has been termed the sterol-sensing domain.
microscopy of living cells to follow the movement of Domains with similar sequences have been identified in GFP-SCAP upon removal of sterols ( Figure 3 ). To begin several membrane proteins whose actions are related the experiment, cells were cultured in FCS and then to cholesterol .
switched to medium containing HPCD in the absence In the current study, we use a green fluorescent proof sterols. At t ϭ 0 min, GFP-SCAP was localized to the tein (GFP)-SCAP fusion protein to visualize the transport ER in a diffuse, reticular pattern. As early as 15 min after of SCAP from the ER to the Golgi in sterol-deprived addition of HPCD, GFP-SCAP was seen in vesicular cells. We then establish an in vitro system to measure structures that originated from peripheral sites in the the incorporation of SCAP into ER-derived membrane ER and appeared to migrate toward the Golgi. These vesicles. Using this assay, we show that sterol deprivastructures resembled the transport intermediates obtion of intact cells renders the ER membrane competent served during the movement of GFP-tagged vesicular to discharge SCAP into budding vesicles in vitro and that stomatitis virus glycoprotein (VSVG) from the ER to Golgi the time course for the acquisition of this competence in living cells (Presley et al., 1997 (Rawson et al., 1999) . Figure 1 shows formed during this reaction are found in the supernatant an immunoblot analysis of endogenous SREBP-2 and after centrifugation at 16,000 ϫ g, whereas the donor its proteolytic processing in nontransfected SRD-13A membranes are found in the pellet (Rexach and Schekman, 1991; Rowe et al., 1996). We used the methods cells (lanes 1 and 2) and in SRD-13A cells that had been established by these laboratories to study the incorporaremained in the donor membranes (lanes 9-11). For comparison, we also blotted with an antibody against tion of SCAP into ER-derived vesicles in vitro. p58. In the seven other experiments described below, the efficiency of SCAP budding ranged from 11% to an ATP-regenerating system) at 37ЊC led to the timedependent appearance of SCAP in the vesicle fraction 63% with a mean of 27%. To exclude the possibility that the vesicle fraction (top panel of Figure 4 , lanes 4-8). When ATP/GTP or cytosol was omitted from the reaction mixture or when was created by nonspecific fragmentation of the donor membranes, the fractions were analyzed with antibodies the reaction was incubated on ice, no SCAP was found in the vesicle fraction (lanes 1-3) , and all of the SCAP against the ER-resident proteins grp94, grp78 (BiP), and preincubation on the budding of other proteins that are known to enter ER-derived transport vesicles. The most Shifting cells from sterol-containing to sterol-depleting shifting to 32ЊC, the protein refolds, and it is released from the ER and transported to the Golgi and then to the plasma membrane (Beckers et al., 1987; Bergmann, 1989). We generated a CHO-K1 cell line stably expressing a fusion protein consisting of VSVG/tsO45 with a COOH-terminal T7 epitope tag (VSVG-T7). In control experiments, we verified that the N-linked oligosaccharides of VSVG-T7 remained in an endo H-sensitive configuration when cells were grown at 40ЊC, indicating that the protein was retained in the ER. Upon temperature shift from 40ЊC to 32ЊC, the protein became endo H resistant and ran more slowly on SDS-PAGE, owing to sialylation in the Golgi (Bergmann, 1989).
In Figure 6B , cells were cultured with different concentrations of 25-HC at 40ЊC. Membranes were isolated and incubated at 32ЊC to permit budding of VSVG-T7 in vitro. Vesicles and membrane fractions were blotted with antibodies against SCAP and VSVG-T7 as well as p58 and ribophorin I. As expected, increasing concentrations of 25-HC in the culture medium caused SCAP to be excluded from budding vesicles (lanes 3-6). In contrast, budding of both VSVG-T7 and p58 was unaffected by 25-HC. To demonstrate that the VSVG-T7 at 40ЊC resided in ER membranes, we incubated some of the culture dishes at 32ЊC. Under these conditions some of the VSVG-T7 moved to the Golgi where it was modified by Golgi-resident sialyltransferases and hence the protein migrated more slowly than the protein isolated from cells terminated by transfer of tubes to ice, followed by centrifugation at PBS and refed 1 ml of medium A supplemented with 5% newborn 1.6 ϫ 10 4 g for 3 min at 4ЊC to obtain a medium-speed pellet (P16) calf lipoprotein-deficient serum and 0.2% ethanol. During the experiand a medium-speed supernatant (S16). Aliquots (60 l) of each S16 ment, cells were maintained at 37ЊC in 5% CO 2 in an environmental fraction were collected from the top of each sample and centrifuged chamber that encased the microscope stage. To start the experiagain at 5.5 ϫ 10 4 rpm at 4ЊC in a Beckman TLA100 rotor to obtain ment, 1 ml of medium A supplemented with 5% newborn calf lipoa high speed pellet (P100). P16 and P100 fractions were each resusprotein-deficient serum and 2% (w/v) HPCD was added to the dish. pended in 60 l of Buffer C, supplemented with 15 l of Buffer D, The first image (t ϭ 0 min) was recorded 4 min after addition of and heated at 95ЊC for 5 min. Aliquots of the P16 (20 l) and P100 HPCD. GFP-SCAP was visualized with an inverted Leica TCS SP fractions (75 l) were subjected to 7% SDS-PAGE, transferred to confocal microscope using a 488 nm laser and a Leica 63ϫ/NA 1.3 nitrocellulose, and analyzed by immunoblotting. The P16 and P100 PL APO oil immersion objective with a pinhole set to 1.5 times the fractions are referred to as membranes and vesicles, respectively. Airy disk diameter. Digital images were captured every 2.5 min for 2.5 hr with no significant loss of signal. Images were edited using Adobe Photoshop 4.0, and the Quicktime movie was generated Immunoblot Analysis using Adobe Premier 5.1. Gels were calibrated with molecular weight markers (Amersham or BioRad), and antibodies were used at the following concentrations: anti-SCAP IgG-R139, 5 g/ml; anti-p58 serum, 1 l/ml; anti-KDEL Preparation of Rat Liver Cytosol antibody (IgG fraction), 2 g/ml; anti-ribophorin I serum, 0.2 l/ml; Male Sprague-Dawley rats (350-400 g) were housed in colony cages, anti-SREBP-1 IgG-2A4, 5 g/ml; anti-SREBP-2 IgG-7D4, 5 g/ml; maintained on a 12 hr light/12 hr dark cycle, and fed a Harlan Teklad anti-T7, 1 g/ml; anti-HSV, 0.5 g/ml; anti-rabbit IgG, 0.33 l/ml; 4% Mouse/Rat Diet 7001. At 3 hr into the dark cycle, the rats were anti-mouse IgG, 0.2 l/ml. Bound antibodies were visualized by anesthetized by halothane inhalation followed by an intraperitoneal chemiluminescence using the Supersignal Substrate System injection of nembutal, after which their livers were perfused with (Pierce) and exposed to Kodak X-Omat Blue XB-1 film (NEN) at 0.9% (w/v) NaCl through the portal vein at room temperature. The room temperature for 1-120 s. livers were excised and disrupted in 2 ml/g of ice-cold Buffer E supplemented with 1 mM dithiothreitol in a Polytron homogenizer Acknowledgments followed by 10 strokes in a 50 ml Dounce homogenizer fitted with a teflon pestle. All subsequent steps were carried out at 4ЊC. HomogWe thank Amanda Hogle, Tammy Dinh, and Clinton Steffey for excelenates were centrifuged at 10 3 ϫ g for 10 min. Supernatants were lent technical assistance; Lisa Beatty, Jill Abadia, and Anna Fuller sequentially centrifuged at 2 ϫ 10 4 ϫ g for 20 min, 186,000 ϫ g for for invaluable help with tissue culture; Drs. Jennifer Lippincott-1 hr, and 186,000 ϫ g for 45 min. Following the 186,000 ϫ g spins, Schwartz, David Meyer, Kelley Moremen, Tom Rapoport, and care was taken to remove the fat layer before collecting the reJaakko Saraste for generously providing antibodies and plasmids; maining aqueous supernatant. The final supernatant, designated as and Dr. Richard Anderson for advice on confocal microscopy. This cytosol (24-33 mg protein/ml), was divided into multiple aliquots, work was supported by grants from the National Institutes of Health snap-frozen in liquid nitrogen, and stored at Ϫ80ЊC. 
